Introduction
Very little is known about the immune system of common and newer genetic lines of pigs. Genetic differences in different breeds of pigs have been reported in the immune responses to antigens or vaccines for sheep red blood cells, E. coli, and others (Meeker et al., 1987) . King (1971) suggested that differences in performance between different breeds of pigs may be altered in the presence or absence of a particular disease. There is little research about the health or immune status of pigs raised in indoor or outdoor environments. Barnett et al. (1988) concluded that physiological differences (corticosteroid concentrations) were 1 The authors thank Stanley Harris for care of experimental animals and Theresa Hall and Cathy Dobbs for technical assistance. This work was supported by the state of Texas line item for efficient pork production and by PIC USA, Inc. Texas Tech Univ. manuscript no. T-5-364. 2561 similar neutrophil chemotaxis. When outdoors, the C-15 genotype had higher (P < .01) neutrophil chemotaxis than the Exp-94 sows. The other immune measures were statistically similar for the two genotypes for each environment and for the genotype × environment interaction of sows. Experiment 2 sought to determine the effects of genotype on the immune system of nurseryage offspring of the experimental lines. Each sow line was bred to a common PIC 405 boar line. The Exp-94 × 405 pigs had elevated WBC numbers than C-15 × 405 pigs. The social status of the Exp-94 × 405 or the C-15 × 405 pigs showed no effect on any of the immune measures studied. The other immune measures were statistically similar for the two lines of pigs. The Exp-94 line had marginally increased NK activity but reduced lymphocyte blastogenesis and neutrophil chemotaxis compared with the C-15 line.
seen in two genotypes of pigs, but genotypes showed similar responses to tether stalls compared to group housing. The objectives of this study were to determine the effects of maternal sow line genotype and their offspring, environment (indoor vs outdoor), and the genotype × environment interactions on blood hemoglobin (Hb) and various immune measures. The initial hypothesis was that the immune systems of indoor and outdoor sows and their offspring would be similar. Second, the diverse genotypes examined had not had their immune systems evaluated and thus, if genotypes were to differ in immune measures, examination of the interactions may indicate whether one genotype may be better suited to a given environment. Sows in Outdoor and Indoor Environments ulated in a single step that produced contemporary gilts and sows in each environment. For this study, gilts were obtained from a common source farm and were kept in isolation, as a group, for 30 to 60 d before being randomly assigned to the indoor or outdoor systems. Thus, the animals were presumed to have been exposed to similar pathogens prior to initiation of treatments. During the entire study gilts and sows were fed identical diets composed of sorghum-soybean meal and vitamins and minerals. The outdoor sows were fed in pellet form (to avoid loss of nutrients in the wind) and the indoor sows were fed in meal form. The breeding herd management and care and the experimental protocol were consistent with the Guide for the Care and Use of Agricultural Animals in Agricultural Animal Research and Teaching (Consortium, 1988) .
Materials and Methods

Experiment 1: Immune Status of
The indoor unit was mechanically ventilated and contained pens equipped with modified gestation crates that served as feeding stalls. The crates measured .6 × 2.1 m but the back of each crate was open to allow each group of 10 sows to interact socially. The open area behind each crate was the same size as the crate (.6 × 2.1 m). The flooring was solid concrete under the gestation crate and concrete slats behind the crates. Outdoor sows experienced a social group of 6 to 12 sows per pen. The pen was surrounded by electric fence. Each social group had an average of 6 sows per acre, or 15 sows per ha.
To evaluate the effect of environment and genotype on immune function, a total of 16 second-parity PIC Camborough-15 (C-15) and 16 25% Meishan (Exp-94) sows that had been housed either indoors (8 from each genotype) or outdoors (8 from each genotype) were evaluated. Genetic lines were produced by PIC (Franklyn, KY). All sows were in mid to late gestation when they were bled (d 60 to 90 of gestation). Approximately 20 mL of blood was taken by venipuncture over sodium heparin. Both indoor and outdoor sows were sampled simultaneously to control variation. Sow blood samples were collected in the cool morning hours of the summer.
Assays performed on blood samples were natural killer (NK) cytotoxicity, neutrophil chemotaxis, leukocyte differentials, white blood cell (WBC) numbers, Hb concentrations, immunoglobulin G (IgG) concentrations, lymphocyte transformation/blastogenesis (LTA), and cortisol levels. Assays were selected to attempt to sample from several components of the immune system.
The NK assay was performed as previously described for porcine NK cell activity (Lumpkin and McGlone, 1992; McGlone et al., 1993) . Briefly, nonadherent splenic lymphocytes were isolated and used at effector:target (E:T) ratios of 100, 50, 25, and 12.5:1. K562 cells (American Type Culture Collection, Rockville, MD) were used as the target cell. Target cells were labeled with inorganic 51 Cr (Na 2 51 CrO 4 ). A constant 10 4 target cells were used in each culture well.
Maximum 51 Cr release was determined by adding 7.5% Triton-X detergent (Sigma Chemical Co., St. Louis, MO) to lyse all targets. Spontaneous 51 Cr release was determined by adding culture media to target cells and counting radioactive label in the supernatant. Effector and target cells were incubated in a 5% CO 2 humidified chamber for 18 h. Supernates were collected by pipette and were counted for 1 min on a gamma counter. Percentage cytotoxicity was calculated using the following formula: % NK cytotoxicity = experimental release cpm − spontaneous release cpm maximum release cpm − spontaneous release cpm
The neutrophil chemotaxis was performed as previously described . Eight milliliters of heparinized whole pig blood was mixed with 5 mL of RPMI. Ten milliliters of the whole blood-RPMI mixture was layered onto 3 mL of Histopaque 1077 and 3 mL of Histopaque 1119 (Sigma Chemical Co.) and centrifuged at 700 × g for 30 min at 25°C. The opaque interface containing the mononuclear cells was aspirated and discarded. The polymorphonuclear cells (PMN) interface including some red blood cells (RBC) was aspirated and transferred to a clean, sterile conical centrifuge tube and washed one time in RPMI (Sigma). Red blood cells were lysed using distilled water and .10% phosphate buffered saline (PBS). Supernates were discarded and the PMN pellet was washed one time in RPMI and centrifuged at 600 × g for 10 min. The PMN preparations were more than 90% neutrophils, as verified by differential counts. The PMN were counted using an electronic Coulter counter (Coulter Electronics, Hialeah, FL) and cell concentration was adjusted in PBS to 5 × 10 4 cells per 50 L. A modified Boyden chamber (Neuro Probe, Cabin John, MD) was used to measure the migration of neutrophils toward RPMI (control; chemokinesis) or toward 10 −8 M of recombinant human complement C5a (rhC5a, Sigma; chemotaxis). The RPMI (30 L) or rhC5a was pipetted into the wells of the bottom chamber. The chamber was placed in an incubator for thermal equilibration of the bottom chamber. In the wells of the top chamber, 50 L of PMN was incubated. Samples were assayed in duplicate. The chamber was incubated for 1 h at 37°C in a humidified chamber (5% CO 2 ). The polycarbonate filter (pore size 5 m; Neuroprobe) was fixed and stained using methanol and Hemo 3 (Biochemical Sciences, Bridgeport, NJ). The cells that migrated to the underside of the filter were counted in a blind fashion. Five fields per well were counted at 1,000× with a light microscope and duplicates were averaged. Blood smears were made using whole blood. The smears were fixed in methanol and stained with Hemo-3 for differential leukocyte counts. One hundred cells were counted per slide.
The WBC numbers and Hb concentrations were determined using a Coulter cell counter at a 1:500 dilution of blood in Isolyse (Beckman, Fullerton, CA). Plasma IgG concentrations were determined by ELISA. Full descriptions and validations of this assay were presented by Morrow-Tesch et al. (1994) .
The lymphocyte blastogenesis assay used 15 mL of whole blood centrifuged at 850 × g for 20 min. The buffy coat was removed and mixed with 9 mL of RPMI 1640 medium. Buffy coat-RPMI mixture was layered over 3 mL of histopaque 1077 (Sigma) and centrifuged at 400 × g for 30 min. Mononuclear cells were collected and washed once in RPMI. The cells were counted and adjusted to a cell concentration of 5 × 10 6 cells/mL in RPMI-FBS.
One hundred microliters of diluted cells was added in triplicate to a 96-well, flat-bottomed sterile plate. Phytohemaglutinin (PHA) at various doses (0, .2, 2.0 and 20 g/mL) was added to each well in triplicate.
Plates were incubated for 48 h at 37°C in 5% CO 2 incubator. Plates were pulsed with 1 Ci of 3 H per well for 24 h. After 72 h, the cells were harvested on glass fiber filters. Each filter disk was placed in a scintillation vial. Five milliliters of scintillation fluid was added to each vial and samples were counted on a scintillation counter.
The cortisol assay was performed by using cortisol antibody coated tubes (Coat-A-Count Cortisol, Diagnostic Products, Los Angeles, CA) for maximum binding and in duplicate for samples and standards. Twenty-five microliters of the zero calibrator was placed into the nonspecific binding tube and in the first group of tubes 25 L of standards with increasing cortisol concentration was placed into the standard curve tubes (1, 5, 10, 20 , and 50 g). Twenty-five microliters of each sample was placed in duplicate into each of the sample tubes. One milliliter of [ 125 I]cortisol was added to each tube and then vortexed. The samples were incubated for 45 min in a waterbath at 37°C. Tubes were decanted thoroughly and then counted for 1 min on the gamma counter. Results were calculated by linear regression and expressed in average nanograms/milliliter.
Statistical analyses were performed using SAS software (SAS, 1988) . The experimental design was a randomized complete block with a 2 × 2 factorial arrangement of treatments. Sows within each block were the experimental units. A complete block included each of the two genotypes, at a common stage of gestation, in each housing system (indoor and outdoor). Eight complete blocks were evaluated, and thus 32 sows were used. The statistical model included effects of genotype, housing system, interaction between genotype and housing system, and block. Least squares means were calculated and separated by the predicted difference test when protected by a significant overall Fvalue from the ANOVA.
Experiment 2: Immune Status of Offspring From Two Genetic Lines
A total of 48 female nursery pigs were obtained from the two genetic lines of sows crossed with a common sire line (PIC 405 During the first 24 h after weaning, pig behavior was video recorded by time-lapse (72-h) speed with a Panasonic AG 1040 video recorder. Behavior was recorded at .8 frames/s and tapes were reviewed at 4.8 frames/s. Dominance status was determined by dyad with two pigs per pen. From the video records, each pig was labeled as either dominant, submissive, or non-aggressive (if no agonistic interactions were observed) based on the outcome of social interactions.
Blood was evaluated for NK activity, neutrophil chemotaxis, leukocyte differentials, WBC numbers, Hb concentrations, IgG concentrations, LTA, plasma cortisol concentrations, and antibody titer to SRBC. The antibody titer was determined by plating plasma sample from control of d 42 and from d 49 onto microtiter plates. The samples were serially diluted and 1% SRBC was added. These were incubated for 48 h and the antibody titer was determined by observation of agglutination as in Morrow-Tesch et al. (1994) .
The experimental design was a randomized complete block with four treatments. The assumption could not be made ahead of time that one genotype would have a similar immune status if housed with a like genotype or a different genotype. Thus, for the mixed-genotype pen (Exp-94 × 405 plus C-15 × 405), the individual pigs were considered as having a different experience. That is, an Exp-94 × 405 pig might have a different immune status when housed with another Exp-94 × 405 than when housed with a C-15 × 405 genotype. In addition, each pig in each pen of two pigs was determined to be either dominant or submissive. Least squares means with different superscripts differ (P < 0.05).
The statistical model included effects of genotype, social status (dominant vs submissive), and block. Three pens containing two pigs each represented a block. Eight blocks were evaluated.
Results
Experiment 1: Immune Status of Exp-94 and C-15 Sows in Outdoor and Indoor Environments
There was a significant genotype effect (P < .05) for NK cell cytotoxicity. The Exp-94 sows had 17% higher NK cytotoxicity than the C-15 sows (24.51 ± 1.21 vs 20.93 ± 1.21; Table 1). A significant genotype effect (P ≤ .05) was observed for the low mitogen dose (.2 g/mL) in lymphocyte blastogenesis. C-15 sows had greater lymphocyte blastogenesis at lower mitogen doses than the Exp-94 sows (37,097 ± 4,854 vs. 23,135 ± 4,854 cpm, respectively). A significant genotype × environment interaction was found for the low mitogen dose in lymphocyte blastogenesis (Table 1 ). The C-15 genotype indoors had elevated blastogenic response compared with the other three treatment groups.
A genotype effect (P < .01) was observed for chemotaxis. The C-15 sows had significantly higher neutrophil chemotaxis than the Exp-94 sows (184.2 ± 7.49 vs 150.8 ± 8.09 cells/five fields, respectively). The sows kept indoors had significantly (P < .02) higher neutrophil chemotaxis than the outdoor sows (182.4 ± 8.09 vs 152.6 ± 7.49 cells/five fields, respectively). There was a significant genotype × environment interaction (P ≤ .05) for neutrophil chemotaxis (Figure 1 ). When indoors, the two genotypes showed similar neutrophil chemotaxis. When outdoors, the C-15 genotype had higher (P < .01) neutrophil chemotaxis than the Exp-94 sows.
A genotype × environment interaction was observed for cortisol concentrations (P = .06). The C-15 sows housed indoors had significantly higher concentrations of cortisol than the Exp-94 sows housed indoors (Table 2) .
There were no significant differences for effects of genotype, environment, or genotype × environment for hemoglobin concentrations, WBC numbers, neutrophil, lymphocyte, or monocyte percentages, or neutrophil:lymphocyte ratios. No significant differences were observed in IgG concentrations among treatments. 
Experiment 2: Immune Status of Offspring from Two Genetic Lines
White blood cell numbers were significantly higher (P < .05) among the Exp-94 × 405 pigs in the treatments in which they were mixed with the C-15 × 405 pigs (Figure 2) . The WBC numbers were higher (P < .02) among the C-15 × 405 in the treatment in which they were not mixed with the C-15 ± 405 pigs (Figure 2 ).
There were no significant differences in cortisol concentrations, lymphocyte blastogenesis, Hb concentra- tions, NK cytotoxicity, neutrophil, lymphocyte, or monocyte numbers for C-15 offspring or the Exp-94 offspring when mixed or not mixed (Table 2 ). There were also no significant differences in neutrophil:lymphocyte ratios, antibody titers, IgG concentrations, or neutrophil chemotaxis for the C-15 offspring or the Exp-94 offspring when mixed or not mixed (Table 2) .
No significant differences were seen in immune measures between dominant, submissive, and non-fighting pigs (Table 3) . No significant differences were seen for average daily gain, feed intake, or feed efficiency (Table 4) 
Discussion
Indoor and outdoor Exp-94 sows had higher NK cytotoxicity than C-15 sows. Each genotype was exposed to similar microbes and thus had an opportunity to express a similar degree of immune system activation. Animals and humans with suppressed NK activity have increased likelihood of illness associated with viral infection (Glaser and Kiecolt-Glasser, 1998) . The enhanced NK cytotoxicity among Exp-94 sows suggested that they may have some increased immunity to viral or malignant challenges compared to the C-15 sows; however, actual viral challenge studies would be required to test this hypothesis.
One recent report by Halbur et al. (1998) demonstrated an improvement of lung lesions due to the Porcine Respiratory and Reproductive virus (PRRS) in Meishan and Duroc breeds compared with Hampshire pigs. The finding that lesions associated with PRRS virus infection might be reduced among Meishan pigs is consistent with our finding of enhanced NK activity among Meishan-cross pigs. Indoors, Exp-94 sows had lower lymphocyte blastogenesis at lower mitogen doses (.2 g/mL) than the C-15 sows. This finding indicates that there may be a slight reduction of cellular immunity among Exp-94 sows when they are housed indoors. Any speculation that differences in cellular immune responses might be associated with protection against specific disease challenges would need to be tested in challenge studies.
The C-15 sows housed indoors had higher cortisol concentrations than Exp-94 sows housed indoors. This finding could suggest a sign of stress in the C-15 sows that was not observed among the Exp-94 sows. The C-15 sows were more vocal and resisted handling more so than the calmer Meishan-cross sows. The relative calmness of the Meishan-cross sow, especially indoors, may have contributed to the lower plasma cortisol concentrations. The C-15 sows housed both indoors and outdoors had higher neutrophil chemotaxis than the Exp-94 sows housed outdoors (Figure 1 ). Neutrophil recruitment to bacterial sites of infection plays an important role in counteracting bacterial infections. For example, weak recruitment of neutrophils contributes to increased severity of coliform mastitis (Shuster et al., 1996) . The Exp-94 sows kept outdoors had lower neutrophil chemotaxis than C-15 sows outdoors. Although the lower neutrophil chemotaxis is predictive of lower resistance to bacterial infection, this relationship would have to be demonstrated in actual bacterial challenge studies.
One possible explanation for lower neutrophil chemotaxis might be elevated glucocortcoids in response to a perceived stressful environment. Neutrophil chemotaxis is very sensitive to the effects of circulating cortisol. Elevated plasma glucocorticoids resulted in a proportional decline in neutrophil chemotaxis (SalakJohnson, et al., 1997) . However, in this data set, suppressed neutrophil chemotaxis was not associated with elevated plasma cortisol concentrations. Even though Exp-94 sows had lower neutrophil chemotaxis outdoors (Figure 1 ), they did not have elevated glucocorticoid concentrations (Table 1) . Thus, the mechanism for the observed effect on neutrophil chemotaxis is not likely to be elevated glucocorticoid concentrations.
The WBC numbers were significantly (P < .02) higher in C-15 × 405 piglets when not mixed than when they were mixed with Exp-94 piglets. The Exp-94 piglets had significantly lower WBC numbers when mixed with the C-15 × 405 piglets and had higher WBC numbers when not mixed. Thus, when crossbred lines containing the Meishan breed are released, they may be best housed alone (not in mixed genotype groups). However, the differences among genotypes were small and we cannot be sure what the impact of the reported immune differences would have in the face of a pathogenic challenge of viral or bacterial origin.
Implications
The Exp-94 sow line had marginally increased immunity in terms of increased natural killer activity and reduced lymphocyte blastogenesis and neutrophil chemotaxis when housed outdoors compared with the C-15 line. In low-pathogen environments, each line (Exp-94 or C-15) is expected to remain healthy, but their response to pathogenic challenge may differ. Weanling pigs did not differ in immune measures collected. Social status showed no significant effects on any of the immune measures taken. Although genotypic and environmental differences in immune measures were documented, actual disease challenge studies need to be conducted to confirm differences in susceptibility to viral and bacterial pathogens.
